The aim of the presented studies was to determine the effect of chemical weed control on the development and yield of native poppy cultivars. The results of presented experiment showed that the native poppy cultivars are more susceptible to herbicides than 'Opal' and 'Lazur' cultivars. The yield of 'Michałko' cultivar in all treatments of chemical protection was very low. It was proved that the suggestion of a necessary protection of 'Mieszko' cultivar against weeds with lower doses of herbicides than the doses applied in the cultures of cultivars with a high content of morphine is justified. 'Mieszko' cultivar gave the highest yield on plots protected after sowing with Lentipur Flo™ 500 SC (a.s. chlorotoluron) in the dose of 1.2 l/ha and in the growth stage of 4 leaves, when the treatment was carried out with Callisto™ 100 SC (a.s. mesotrione) in the dose of 0.4 l/ha. Positive results of weed control after the application of these herbicides indicate the possibility to initiate studies aiming at authorization to use these herbicides in growing of the native cultivars of poppy (minor crop).
INTRODUCTION
Poppy in the initial period of vegetation develops very slowly and therefore, it is an easy object for weeding. In Poland, a basic method of poppy plantations protection against weeds is hand weeding. The laboriousness of this agrotechnical technique limits the area of this plant cultivation. Growing on a larger acreage could be possible after introduction into the poppy production of some herbicides which can effectively control weeds. Such methods of production are common in Czech Republic (Wójtowicz 2001) . Results of studies carried out both in Czech Republic (Bartoška 2002) and in Poland (Adamczewski and Kawczyński 1980; Horodyski et al. 1990; Jakubiak 2005; Wójtowicz and Wójtowicz 2006) showed a phytotoxic effect of herbicides on opium poppy. The sensitivity of poppy to herbicides is genetically conditioned. Polish poppy cultivars with a low content of morphine like 'Mieszko' and 'Michałko' are more sensitive to herbicides than the 'Opal' cultivar (Wójtowicz and Wójtowicz 2006) grown on a wide scale in Czech Republic (Wójtowicz 2003) . Taking into consideration the mentioned conditionings in searching for an effective herbicide for protection of native poppy cultivars, the amount of a preparation used may be a key solution of this problem. In order to verify this hypothesis, field experiments were carried out with different herbicide doses applied pre-and postemergence. Wałkowski (2005) and Horodyski et al. (1990) . Results presented by Horodyski et al. (1990) showed, that the addition of Fusilade Super™ to Lentagran™ 50 WP significantly decreases Lentagran fhytotoxicity to poppy plants. Wałkowski (2005) recommended a mixture Lentagran™ 45 + WP Fusilade Forte™ 150 EC instead of Fusilade Super™. The experiment was conducted in split-plot design in four replications. The first factor of the experiment was weed control treatment. The treatments were: 1. Without preemergence herbicide application.
MATERIALS AND METHODS
Callisto™ 100 SC applied postemergence in the dose of 1.0 l/ha. 2. Lentipur Flo™ 500 SC applied preemergence in the dose of 0.8 l/ha and Callisto™ 100 SC applied postemergence in the dose of 0.8 l/ha. 3. Lentipur Flo™ 500 SC applied preemergence in the dose of 1.0 l/ha and Callisto™ 100 SC applied postemergence in the dose of 0.6 l/ha.
4. Lentipur Flo™ 500 SC applied preemergence in the dose of 1.2 l/ha and Callisto™ 100 SC applied postemergence in the dose of 0.4 l/ha. 5. Lentipur Flo™ 500 SC applied preemergence in the dose of 1.4 l/ha and mixture of Lentagran™ 45 WP + Fusilade Forte™ 150 EC applied postemergence in the doses of 3.0 kg/ha and 1.0 l/ha. 6. Lentipur Flo™ 500 SC applied preemergence in the dose of 1.6 l/ha and mixture of Lentagran™ 45 WP + Fusilade Forte™ 150 EC applied postemergence in the doses of 1.5 kg/ha and 0.5 l/ha. 7. Hand cultivated plots where thinning and weeding of interrows were carried out in the stage of 3-4 leaves.
Preemergence application was carried out, directly after sowing of poppy and postemergence application, in the stage of 4 performed leaves of poppy. Herbicide treatments were applied using a hand plot sprayer at a volume of 270 l/ha with flat-fan nozzle. Herbicides were applied in partly cloudy and windless days. The second factor of the experiment were cultivars of poppy. The research objects included: two cultivars of poppy with a high content of morphine (0.7-1.2%): 'Opal' and 'Lazur' and two cultivars permitted to be grown in Poland with a low content of morphine (< 0.04%): 'Mieszko' and 'Michałko'. The experiment was established on a suitable proper brown soil belonging to a good wheat complex the IIIa class. Before winter ploughing, the field was given 63 kg of P 2 O 5 /ha and 96 kg of K 2 O/ ha. Seeds were sown on the 20th of April on plots of 7.2 m 2 area at the rate of 1 kg/ha. Nitrogen was applied 3 days after germination in the dose of 50 kg N/ha. In order to prevent fungal diseases, Amistar™ fungicide, in the dose of 0.8 l/ha was applied. Aphids were controlled with Karate™ insecticide in the dose of 0.1 l/ha. Five weeks after preemergence application of herbicides weeds were counted on 1 m 2 of each plot. Moreover weed species were recorded on untreated plots. Three weeks after postemergence application of each plot a degree of soil coverage by weeds in % was estimated using the agrophytosociological method. Before harvest plants and poppy-heads were counted on 1 m 2 of each plot. Poppy-heads were hand collected on the 11-12th of August and after drying seeds were threshed. Yield of seeds per plot was converted to kg/ha.
The obtained results were compared by the analysis of variance and significance of differences was defined on the confidence level of p ≤ 0.05.
In 2006 the plant vegetation started after 25th of March. Long-lasting winter and heavy rainfall in first half of April made difficult cultivation and sowing in proper time. Emergence of poppy plants was observed on the 2nd May. Meteorological conditions in May and June were favourable to plant growth but high temperature and precipitation deficiency in flowering and ripening stages and 3 weeks shorter vegetation season of poppy caused the reduction of yield.
RESULTS
On the experiment plots ten species of weeds were observed:
The dominant weeds were lambsquarter and black bindweed. Their participation in weed population was 60% and 20% respectively. The number of weeds after sowing depended on the dose of the herbicide Lentipur Flo™ 500 SC (Table 1) . Five weeks after the herbicide application, irrespective of the cultivar the least number of weeds was recorded on plots where the doses of 1.0 and 1.2 l/ha were applied. The other doses of Lentipur Flo™ 500 SC i.e. 0.8, 1.4 and 1.6 l/ha resulted in significantly higher number of weeds. Moreover higher doses of this herbicide, i.e. 1.4 and 1.6 l/ha exerted an unfavourable effect on the plants causing leaf chlorosis and contributed to a slower poppy development. Thereby it increased the weed competition. The highest number of weeds was observed on untreated plots. On all chemically treated plots Lentipur Flo™ 500 SC showed to be less effective in relation to the weeds: lambsquarter and black bindweed.
The postemergence application of herbicides significantly changed the weed control on plots. Observations carried out three weeks after the foliar application of herbicides showed that the degree of soil coverage by weeds on the studied plots depended on active substances, on the dose of herbicide and on susceptibility of a given cultivar to the applied herbicides (Table 2 ). On the plots of 'Lazur' cultivar where the herbicide Lentipur Flo™ 500 SC was applied preemargence in the doses of 0.8 and 1.2 l/ha and Callisto™ 100 SC postemargence in the doses of 0.8 and 0.4 l/ha respectively, as well as Lentipur Flo™ 500 SC applied preemargence in the dose of 1.6 l/ha and a mixture of Lentagran™ 45WP in the dose of 1.5 kg/ha + Fusilade Forte™ 150 EC in the dose of 0.5 l/ha postemargence, weed infestation was significantly lower than recorded on plots treated with Callisto™ 100 SC postemargence in the dose 1.0 l/ha. The least differentiation in weed infestation was registered on plots with Opal cultivar. The least weed infestation of plots (20%) of 'Mieszko' cultivar was recorded when Lentipur Flo™ 500 SC in the dose of 1.2 l/ha was applied preemergence and Callisto™ 100 SC in the dose of 0.4 l/ha applied postemergence. The result recorded on plots treated this way differed significantly from achieved on the plots where Callisto™ 100 SC was applied postemargence in the dose 1.0 l/ha as well as Lentipur Flo™ 500 SC was applied preemargence in the dose of 1.4 l/ha and a mixture of Lentagran™ 45WP in the dose of 3.0 kg/ha + Fusilade Forte™ 150 EC in the dose of 1.0 l/ha applied postemargence. On the plots with Michałko cultivar preemargence application of Lentipur Flo™ 500 SC in the dose of 1.4 l/ha and postemergence application of mixture of Lentagran™ 45WP in the dose of 3.0 kg/ha + Fusilade Forte™ 150 EC in the dose of 1.0 l/ha resulted in the highest weed infestation. However weed infestation recorded on plots treated this way did not differ significantly from plots where Lentipur Flo™ 500 SC in the dose of 1.6 l/ha and a mixture of Lentagran™ 45WP in the dose of 1.5 kg/ha + Fusilade Forte™ 150 EC in the dose of 0.5 l/ha as well as Lentipur Flo™ 500 SC in the dose of 1.2 l/ha and Callisto™ 100 SC in the dose of 0.4 l/ha were applied.
Irrespective of a cultivar, Callisto™ 100 SC and a mixture of the Lentagran™ 45 WP + Fusilade Forte™ 150 EC in the dose of 3.0 kg/ha and 1.0 l/ha showed a good effect of lambsquarter control, but the effect was not sufficient in case of black bindweed. On the other hand, in case of the application of lower doses of the Lentagran™ 45 WP and Fusilade Forte™ 150 EC, i.e. using the doses 1.5 kg/ha and 0.5 l/ha respectively, the lambsquarter species was not destroyed.
A significant interaction between cultivar and herbicide was observed for the number of poppy plants per area unit and poppy heads per plant (Table 3, 4). Among the cultivars studied in the experiment, the smallest differentiation of the plant number in result of the application of herbicides was shown for 'Opal' cultivar. 'Michałko' cultivar was characterized by the smallest number of plants to all herbicide treatments. The number of plants in 'Lazur' and 'Mieszko' cultivars depended in a high degree on the herbicide treatment. The greatest number of plants on area unit was recorded on plots where Lentipur Flo™ 500 SC was applied in the doses of 0.8; 1.0; 1.2 l/ha and Callisto™ 100 SC in the doses of 0.8; 0.6; 0.4 l/ha, respectively. The herbicide treatment exerted an effect on the ability of plants to produce poppy heads in all poppy cultivars evaluated in the experiment. A single poppy plant produced more poppy heads on plots weeded by hand. Significant differences referring to this feature occurred between the cultivars when no chemical treatments were applied and when after seeding, Lentipur Flo™ 500 SC was applied in the dose of 1.6 l/ha and when postemergence, a mixture of Lentagran™ 45WP in the dose of 1.5 kg/ha + Fusilade Forte™ 150 EC in the dose of 0.5 l/ha was applied. The cultivar and herbicide interaction was also significant with regard to the yield (Table 5 ). The yield of cultivar 'Michałko' was very low on the plots treated with herbicides. 'Opal' cultivar reached high yields on all plots where the poppy plants were protected twice in the vegetation period, that is directly after seeding and at the stage of 4 leaves. 'Lazur' and 'Mieszko' cultivars gave the highest yields on plots protected after sowing with the Lentipur Flo™ 500 SC in the dose of 1.2 l/ha while in the stage of 4 leaves, when the Callisto™ 100 SC was used at the dose of 0.4 l/ha. 
DISCUSSION
The presented data indicates that the kind and dose of herbicide and the susceptibility of a plant cultivar to the applied herbicide decide on weed control. The weed infestation of plots with 'Lazur' and 'Opal ' cultivars treated with herbicides directly after sowing and in the stage of 4 leaves was less as compared to plots sown with 'Mieszko' and 'Michałko', where the same method of weed control was applied. 'Michałko' cultivar was characterized by the smallest number of plants on area unit among all chemical treatments. Insufficient number of plants on a plot facilitated the development of weeds. The number of 'Mieszko' and 'Michałko' plants was the most limited by a mixture of Lentagran™ 45 WP in the dose of 3.0 kg/ ha + Fusilade Forte™ 150 EC in the dose of 1.0 l/ha. After the application of that herbicide mixture leaf burn was observed. This mixture, recommended for agricultural practice (Wałkowski 2005) showed to be too phytotoxic in relation to poppy cultivars permitted to be grown in Poland. 'Mieszko' cultivar showed a good resistance to Callisto™ 100 SC applied postemergence in the dose of 0.4 l/ha. Moreover, plots with 'Mieszko' cultivar, where Callisto™ 100 SC was applied postemergence in the dose of 0.4 l/ha, showed the least weed infestation. It is worthy to note that this variant of protection was also effective in relation to lambsquerter. This fact is significant because, as reported by Załęcki (1987) weed infestation by lambsquarter contributes to a strong decrease of poppy yield and the results of our own studies show an insufficient effectiveness of lambsquarter control with this herbicide applied preemergence. A good effectiveness of Callisto™ 100 SC in the control of white goose-foot and the possibility of using this herbicide preemergence suggest to undertake studies on its application also directly after sowing of poppy. On the other hand, the average sensitivity of black bindweed to the applied, studied herbicides indicates that it is necessary to look for other more effective herbicides to control this weed.
All cultivars assessed in the experiment reached the highest yields on hand-weeded plots, where the poppy head number on area unit was frequently lower than on plots chemically protected. Lower poppy yields harvested from chemically treated plots were the result of the phytotoxic action of the applied herbicides. The phytotoxic effect of herbicides on poppy plants was stressed in earlier studies (Adamczewski and Kawczyński 1980; Horodyski et al. 1990; Bartoška 2002; Jakubiak 2005; Wój-towicz and Wójtowicz 2006) . Results of the presented studies confirmed the earlier reports of Cihlář et al. (2003) , Wójtowicz and Wójtowicz (2006) describing a differentiated reaction of cultivars to herbicides. The authors agree that among three cultivars: 'Opal', 'Lazur', 'Mieszko' grown in conditions of chemical protection, the highest yields were assured by 'Opal' cultivar, while the lowest were obtained from plots sown with 'Mieszko' cultivar. In the presented experiment, 'Opal' cultivar gave high yield on all plots on which weed control was performed pre-and postemegence. A good resistance to higher doses of herbicides makes the protection of this cultivar more effective in comparison with the remaining cultivars. 'Lazur' and 'Mieszko' cultivars showed the highest yields on plots protected after seeding with Lentipur Flo™ 500 SC in the dose of 1.2 l/ha and in the stage of 4 poppy leaves with Callisto™ 100 SC in the dose of 0.4 l/ha. The yield of 'Michałko' cultivar in all chemical treatments was very low. The presented results confirm the conclusions of earlier studies on sensitivity of poppy cultivars where it was shown that 'Opal' and 'Lazur' cultivars were superior in their resistance to unfavourable weather conditions in comparison with the cultivars 'Mieszko' and 'Michałko' (Wójtowicz 2007 ). An important element of poppy protection technology against weeds is the time of herbicides application. Wałkowski (2000 Wałkowski ( , 2005 recommended to carry out the treatment in the stage of 4-6 leaves of the poppy plants. On the other hand, in the presented experiment, it was shown that the limitation of poppy plant protection to a single treatment of weed control in the form of foliar application is not sufficient. Weeds on those plots at treatment time of the leaves were already big enough to require for their control an increased herbicide dose and that dose was shown to be phytotoxic. It is stressed in these studies that pre-and postemegence application of herbicides is more effective than only postemegence application. This recommendation was shown to be a valuable one for the agricultural practice.
